20% to ambulatory care. 1 Previous cross-sectional analyses of burden of health care utilization with gastrointestinal and liver disease have helped identify leading causes and estimated costs of ambulatory visits, emergency department visits, and hospitalizations. 2, 3 There is limited information on the annual burden and costs of hospitalization in patients with chronic gastrointestinal and liver diseases. Identifying patients at high risk for frequent hospitalizations and long hospital stays is imperative to improve population health and reduce health care costs. Metrics focusing on 30-day readmissions risk fail to capture the overall burden of hospitalization from a patient as well as health system standpoint, because of the following: (1) some patients who eventually become high-need, high-cost (HNHC) patients may not be readmitted within 30 days of the index admission; (2) even among patients with 30-day readmission, there may be some patients who have multiple subsequent hospitalizations and other patients with just a one-time readmission; and (3) patients may have varying lengths of hospitalization, with disproportionate costs. 4, 5 An alternative metric of high-value care may be total days spent in hospital, a concept developed as an outcome measure in patients with terminal illnesses. 6, 7 A detailed understanding of variability in hospitalization-related burden and health care costs of chronic gastrointestinal diseases will allow identification and characterization of HNHC patients of hospitalizationrelated care and facilitate population health management targeting at-risk populations to decrease costs. 8, 9 We used the Nationwide Readmissions Database (NRD) 2013, an all-payer database of hospital inpatient stays, developed as part of the Healthcare Cost and Utilization Project, which longitudinally captures more than 85% of inpatient discharges from 21 state inpatient databases, to estimate the annual burden and patterns of hospitalization in patients with 5 common chronic gastrointestinal and liver diseases (inflammatory bowel diseases [IBDs] , chronic liver diseases [CLDs] , functional gastrointestinal disorders [FGIDs] , gastrointestinal hemorrhage, and pancreatic diseases). This database has been used to calculate rates and risk factors associated with 30-day readmissions in various conditions.
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Methods
We constructed a retrospective cohort within NRD 2013 (Supplementary Materials and Methods). 14, 15 This study was exempt from Institutional Review Board approval because the NRD is a publicly available database that contains de-identified patient information.
Study Population, Patient Characteristics, and Hospital Characteristics
We included all adults (age, !18 y) with 1 or more hospitalizations between January and June 2013, with a primary or secondary discharge diagnosis of IBD, CLD, FGID, gastrointestinal hemorrhage, or pancreatic disorders, based on International Classification of Diseases, 9th edition, Clinical Modification (ICD-9-CM) codes and the Clinical Classifications Software (CCS) for ICD-9-CM (Supplementary Table 1) . 2 The at-risk for rehospitalization period was defined as the period from discharge after any of the earlier-described gastrointestinal or liver diseases to the end of the study year, December 31, 2013, or death. We excluded patients whose index hospitalization was between July and December 2013, were transferred from another hospital, or had missing data for length of hospital stays or charges for a given admission.
Details of reported patient and hospital characteristics in this database are shown in the Supplementary material. Across all hospital admissions, gastrointestinal or hepatic procedures (such as endoscopy, colonoscopy, paracentesis, and so forth), abdominal surgeries, blood transfusions, and parenteral or enteral nutrition were captured (Supplementary Table 1 ).
Outcomes Measured
We measured the overall annual burden and patterns of hospitalization, using total days spent in the hospital as the primary metric. Because of variability in follow-up time (depending on month of index hospitalization, when at-risk for hospitalization time started), this was normalized and presented as per-month of follow-up evaluation (calculated by summing the length-of-stay variable, across all hospital admissions, divided by the total number of follow-up months). Hence, our primary outcome of interest was the number of days spent in the hospital per month, and secondary outcomes were the number of all-cause hospitalizations per month and the costs of hospitalization per month. Cost of hospitalizations was computed by multiplying charges for each hospitalization with the cost-to-charge ratios for each hospital for a given year, and inflation was adjusted to the year 2016. To measure variability and better characterize HNHC patients, the primary outcome (number of days spent in the hospital per month) was stratified into deciles, and HNHC patients were defined as patients in the highest decile by total days spent in the hospital per month for each gastrointestinal or liver disease.
To understand causes of hospital admissions in these patients, we categorized all hospitalizations as cardiac, respiratory, infections, genitourinary, gastrointestinal, endocrine/metabolic, neuropsychiatric, hematologic or solid organ neoplasms, and others, based on primary CCS diagnosis codes (Supplementary Table 2) . 10 To characterize HNHC patients, we compared patient, hospital, and index hospitalization characteristics between patients in the lowest and highest deciles of hospitalization burden, as well as procedural burden and mortality across all admissions. Furthermore, we investigated the proportion of preventable hospital admissions by using ICD-9 codes for Prevention Quality Indicators (PQIs), which are a set of measures developed by the Agency for Healthcare Research and Quality that can be used with hospital inpatient discharge data as a screening tool to identify ambulatory conditions for which high-quality, community-based outpatient care potentially can prevent hospitalization, complications, or more severe disease (Supplementary Table 3) . 16 
Statistical Analysis
Descriptive statistics were used to describe baseline demographics, hospital characteristics, and index hospitalization characteristics among the 5 diagnoses groups, and compared between patients using the Pearson chisquare test for categoric variables and the Student t test for continuous variables. Categoric variables are expressed as percentages and continuous variables are expressed as medians (interquartile range [IQR] and 5th-95th percentile). We performed multivariate logistic regression, based on patient, hospital, and index hospitalization-related factors, to identify patients who eventually become HNHC patients, across different gastrointestinal conditions. Model performance was estimated using the area under the receiver operating characteristic curve (AUC). All hypothesis testing was performed using a 2-sided P value with a statistical significance threshold less than .05. To account for the increased risk of a type I error with multiple statistical tests, we applied a Bonferroni adjustment. All statistical analyses were performed with Stata MP (Stata Statistical Software: release 14; StataCorp, College Station, TX), using sample-level analysis. Table 4 ). Across diseases, monthly length of hospital stay and costs were highest for patients with CLDs and FGIDs (Table 1) . (Table 1) .
Results
From
Inflammatory Bowel Diseases
Hospitalization burden by deciles. Compared with a median of 0.13 days per month spent in the hospital in the lowest decile (IQR, 0.10-0.17) with a hospitalization cost of $427 per month (IQR, $291-$662/mo), patients in the highest decile (HNHC patients, defined as patients in the highest decile by total days spent in the hospital/ mo, n ¼ 4717) spent 3.71 days per month in the hospital (IQR, 3.00-5.08 d), with hospitalization costs of $7502 per month (IQR, $5270-$11,348/mo) ( Figure 1 , Table 2,  Supplementary Table 5 , and Supplementary Figure 2A) . Even within the highest decile, there was considerable variability in the burden of hospitalization, with patients at the 99th centile spending 9.1 days per month in the hospital, with 1 hospitalization per month, at costs of $22,805 per month (Supplementary Figures 3A and 4A) . Cumulatively, patients in the highest decile contributed to 38% of hospitalization costs, and patients in the top 2 deciles contributed 55% of total hospitalization costs. Based on the primary discharge diagnosis, the most common causes of admissions were classified as being the result of gastrointestinal diseases (39%-45% across deciles, of which half were classified as owing to IBD), followed by infections (4%-12%, with a higher rate of infections in patients in the top decile), and cardiac complications (6%-16%) (Supplementary Figure 5A) . By using PQIs as indicators of preventable admissions, compared with patients in the lowest deciles, HNHC patients had significantly higher rates of preventable admissions (Supplementary Table 6 ).
Patient, hospital, and hospitalization characteristics. Compared with patients in the lowest decile, patients in the highest decile were slightly older at the time of the index hospitalization (51.0 vs 54.9 y; P < .01), more frequently on Medicare/Medicaid (42% vs 66%; P < .01), and in the bottom quartile of household income (20% vs 26%; P < .01) (Supplementary Table 7 ). On Figure 2B) . Even within the highest decile, there was considerable variability, with patients at the 99th centile spending 9.89 days per month in the hospital, with 1 hospitalization per month, at costs of $28,473 per month (Supplementary Figures 3B and 4B) . Cumulatively, patients in the highest decile contributed to 36% of hospitalization costs, and patients in the top 2 deciles contributed 55% of total hospitalization costs.
Based on the primary discharge diagnosis, the most common causes of admissions were classified as being owing to gastrointestinal diseases (20.1%-23.9% across deciles, of which 10%-12% were for gastrointestinal hemorrhage, 7%-13% for renal failure, and 5.6%-8.7% for neuropsychiatric illness), followed by infectious (7%-12%, with a higher rate of infections in patients in the top decile) and cardiac complications (10%-16%) (Supplementary Figure 5B and Supplementary Table 9) .
Patient, hospital, and hospitalization characteristics. On multivariate logistic regression, after adjusting for multiple confounders, younger age, male sex, Medicare/Medicaid insurance, low income, depression, obesity, high comorbidity burden, and index hospitalization at a large and rural hospital for a serious infection or respiratory complication were associated with high health care utilization (AUC, 0.66) (Supplementary Tables 10 and 11) . Overall, few patients in the lowest decile underwent liver transplantation, whereas 2% of patients in the highest decile underwent liver transplantation; in-hospital mortality was significantly higher for patients in the highest decile (lowest vs highest decile, 10% vs 16%; P < .01). Table 1) .
Functional Gastrointestinal Disorders
Hospitalization burden by deciles. The variability and pattern of hospitalization burden and costs was similar to that observed for patients with IBD or CLDs. Tables 13  and 14) ; HNHC patients were more frequently males, had obesity, anemia, and a higher comorbidity burden, although rates of depression at index hospitalization were similar; they also underwent more procedures across all hospitalizations. Figures 2D, 3D , and 4D). Cumulatively, patients in the highest and top 2 deciles contributed 38% and 56% of annual hospitalization costs, respectively. Although gastrointestinal diseases (25%-36%) and infections (2%-14%) were dominant causes of hospitalization, malignancy and cardiorespiratory causes were frequent, particularly for patients in the lowest decile (Supplementary Figure 5D and Supplementary Table 15) .
Gastrointestinal Hemorrhage
Patient, hospital, and hospitalization characteristics. A similar pattern of differences in patients in the lowest and highest deciles of hospitalization was observed (Supplementary Table 16 ), and multivariate regression identified younger age, Medicare/Medicaid insurance, low income, obesity, high comorbidity burden, and index hospitalization at a large and rural hospital for cardiovascular, respiratory, or hematologic complications being associated with high health care utilization (AUC, 0.72) (Supplementary Table 17 ). At least 60% of patients across deciles underwent a gastrointestinal procedure at their index hospitalization; patients in the highest decile frequently received blood transfusion (lowest vs highest decile, 32% vs 53%; P < .01). Approximately 30% of patients in the highest decile underwent 3 or more gastrointestinal procedures, and 22% received blood transfusions during 3 or more hospitalizations. In-hospital mortality was 19% for patients in the highest decile, whereas 10% of the patients in the lowest decile died in the hospital. Table 2, Supplementary Table 5, Supplementary  Figures 2E, 3E , 4E, and 6). Cumulatively, patients in the highest decile contributed to 39% of hospitalization costs, and patients in the top 2 deciles contributed 57% of total hospitalization costs. Based on the primary discharge diagnosis, most common causes of admission were classified as being owing to gastrointestinal diseases (37.0%-49.0%), followed by cardiac (7.0%-12.0%) and endocrinologic causes (6.0%-11.0%); infections were a frequent cause for hospitalization in HNHC patients (10%) (Supplementary Figure 5E and Supplementary Table 18) .
Pancreatic Diseases
Patient, hospital, and hospitalization characteristics. Systematic differences were observed in HNHC patients and patients in the lowest decile similar to other diseases (AUC, 0.71) (Supplementary Tables 19 and 20) . Overall, 4% of the patients in the lowest decile died in the hospital, whereas 12% patients in the highest decile died in the hospital.
Discussion
In this all-payer, nationally representative study of patients who were hospitalized at least once during the index year, we made several key observations. First, there is considerable variability in burden and costs of hospitalization in patients with gastrointestinal and liver diseases, with a small fraction of HNHC patients (defined as patients in the highest decile by total days spent in hospital/month) contributing to the majority of the hospitalization burden and costs. Across a spectrum of common gastrointestinal and liver diseases, patients in the highest decile of hospitalization burden for each condition spent a median of 3.7 to 5.1 days per month in the hospital, with 1 hospitalization every 2 months for each of these conditions, and with hospitalization costs averaging between $7438 and $11,425 per month. Second, patient, hospital, and index hospitalization characteristics of HNHC patients are fairly similar across diseases: these patients have Medicare/Medicaid insurance, lower income status, index hospitalization in a large rural hospital, high comorbidity burden, obesity and infection-related hospitalization, and more frequently underwent gastrointestinal procedures, and received blood transfusions and enteral or parenteral nutrition at their index as well as subsequent hospitalizations, consistent with prior findings. 17, 18 At a patient level, modifiable risk factors may include tackling the obesity epidemic and mental health issues and minimizing risk of iatrogenic or health care-associated infections, whereas at a health system level interventions may include better access to care and connectivity between rural and specialty hospitals. Third, among patients hospitalized once with chronic gastrointestinal or liver diseases, gastrointestinal causes constituted the most common causes for subsequent hospitalizations, and infections and cardiopulmonary causes are other common reasons for readmission, particularly in patients with frequent hospitalizations.
The first step in population health management is identifying patients with the highest health care utilization and sources of variability in outcomes. Our study identified key patient, hospital, and hospitalization characteristics, which are largely comparable across 5 common gastrointestinal and liver diseases. We anticipate that similar patterns would be observed across other chronic nongastrointestinal conditions, wherein a small fraction of patients account for the majority of hospitalization-related care. HNHC patients include 2 sets of patients: first, chronically high utilizers, who have established disease-related complications at very high risk of repeated decompensation (eg, patients with decompensated cirrhosis), and, second, compensated patients who are not chronically ill, but at high risk of complications (eg, patients with controlled IBD, who develop a severe flare). In our analysis, over a 1-year cycle, we were unable to distinguish the proportion of patients who are in the first category of chronically being HNHC vs patients who transiently develop high health care needs (eg, related to postoperative complications, and so forth). The next step in population health management is implementation of multicomponent chronic care models that are focused on effective and efficient team care with proactively planned health care interactions, self-management support assisted by effective use of community resources, and health information technology-aided clinical decision support. 19 Understanding health care utilization commonalities across different diseases would help target system-level interventions to improve population health and decrease costs across diseases, and enable adoption of interventions that have been successful in other diseases to the field of gastroenterology.
The strengths of our study included the following: (1) use of a nationally representative database to study longitudinal hospitalization-related care; (2) a novel, patient-centered metric of burden of hospitalization in total days spent in the hospital; (3) comprehensive comparative assessment of patient, hospital, and index hospitalization characteristics of patients in the lowest and highest deciles of hospitalization-related care; and (4) assessment of causes of admissions, across deciles of hospitalization burden.
Our study had several limitations. First, the analyses were based on administrative codes, and only focused on inpatient use, without details of outpatient clinic visits, medication use, and laboratory variables. Second, causes of readmissions were identified using primary discharge diagnoses, which were grouped by disease system to allow interpretation. Third, because the NRD uses data from state inpatient databases, it does not track patients across state boundaries. However, in validation studies performed by the Healthcare Cost and Utilization Project, the rate of cross-state hospitalizations were found to be less than 5% of all admissions for patients, and thereby unlikely to substantially affect our estimates.
14 Fourth, the concept of PQIs is more widely prevalent in primary care as standard hospital-wide quality measures and none of these are gastrointestinal-or liver diseasespecific, which somewhat limits their relevance to our field. Fifth, there was potential overlap in patients between different gastrointestinal diseases; approximately 20% of patients had 2 or more candidate gastrointestinal or liver conditions at the index hospitalization. Because our focus was on identifying burden and costs of hospitalizations with certain defined gastrointestinal diseases, rather than resulting from those diseases, this overlap would not significantly influence interpretation of results for patients with overlapping conditions. Finally, the NRD does not capture out-of-hospital mortality, which may bias the at-risk for hospitalization time period; however, for most gastrointestinal and liver diseases, out-of-hospital mortality is a rare occurrence.
In conclusion, in this nationally representative study of patients hospitalized at least once during the index year, we observed considerable variability in the burden of hospitalization across 5 common chronic gastrointestinal and liver diseases, including IBD, CLD, FGID, gastrointestinal hemorrhage, and pancreatic diseases, with a small fraction of patients contributing disproportionately to the total hospitalization burden and costs. The characteristics of these HNHC patients were remarkably similar across different diseases. Population health management strategies directed toward identifying HNHC patients and implementing multicomponent chronic care models may improve the quality of care and reduce costs of care.
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Supplementary Methods
Data Sources: Nationwide Readmissions Database
The NRD is drawn from State Inpatient Databases and contains reliable, verified patient linkage numbers that track patients hospitalized within a state, over the course of 1 year, and contains more than 100 demographic (age, sex, income quartile), clinical (diagnoses and procedure codes, comorbidities), and nonclinical variables (community, academic, urban-rural designation, bed size, expected payment source, hospital charges and costs, and so forth) from all community hospitals (as defined by the American Hospital Association), public hospitals, and academic medical centers, located in 21 geographically diverse states. The NRD captures more than 85% of all discharges from these states, which account for 49.3% of the US population.
Clinical Classification Software
CCS for ICD-9-CM is a categorization scheme for diagnoses and procedures that collapses ICD-9-CM's expansive codes, which contain more than 14,000 diagnosis codes and 3900 procedure codes, into smaller number of categories that are both clinically meaningful and more useful for presenting descriptive statistics, and are developed by the Healthcare Cost and Utilization Project.
Patient and Hospital Characteristics
The following patient characteristics were reported: age, sex, primary expected payment source (Medicare, Medicaid, private insurance, self-pay, and other insurance types), income quartile based on the median household income of the patient's ZIP code, and relevant comorbidities (smoking, obesity, anemia, congestive heart failure, chronic lung disease, depression, diabetes, hypertension, coagulation disorder, liver disorder, electrolyte abnormalities, peripheral vascular disease, psychoses, and renal failure). Hospital characteristics included location, teaching status, and bed size (small, medium, large). Supplementary Figure 3 . Variability in the total days spent in the hospital per month by HNHC patients with (A) inflammatory bowel diseases, (B) chronic liver diseases, (C) functional gastrointestinal diseases, (D) gastrointestinal bleeding, and (E) pancreatic diseases. The red dot represents the median, the box plots represent the interquartile range, and whiskers represent the 5th and 95th percentiles within that centile. Overall, the X-axis represents patients at the 90th, 91st, 92nd . 99th centile, by length of stay.
Supplementary Figure 4 . Variability in total hospitalization costs per month by HNHC patients with (A) inflammatory bowel diseases, (B) chronic liver diseases, (C) functional gastrointestinal diseases, (D) gastrointestinal bleeding, and (E) pancreatic diseases. The red dot represents the median, the box plots represent the interquartile range, and whiskers represent the 5th and 95th percentiles within that centile. Overall, the X-axis represents patients at the 90th, 91st, 92nd . 99th centile, by length of stay. a ICD-9 codes for PQIs, which are a set of measures that can be used with hospital inpatient discharge data to identify quality of care for ambulatory conditions for which good outpatient care potentially can prevent hospitalization, complications, or more severe disease. PQIs were developed by the Agency for Healthcare Research and Quality.
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